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Gen-Prohe Transcrlptnon-Medlated Amphﬁcatlon-

System Principles

CRAIG §. HILL. PAD.
Gen-Probe Incorporated

DNA probe assays have been in use for many yean in
research laboratories but have only recently become widsly
used in clinical laboraiories. DNA probe assays that target
genomic DNA sequences are inherendy specific bt relatively
insensitive because the DNA sequences Lhat they wurget are
present in anly one t a few copias per il These assays are
also relatively comples and lengahy to perform due (0 the

necessity of imumobilizing the target DNA oo solid supports. [

1986. Gen-Probe inroduced the first practical DNA probe w53
that were simple and rapid enough for the clinical laboratory @
perform. This DNA probe systzm was the A o be used
coutinely in clinical laboratries to detecx microorganisms such
as C. trachomaris, N, poncrvhoeds and Group A Saeprococsus
directly in clinical sampies. Sensitivity and simplicity of these
atsays were improved by twe Gen-Probe proprieary inventoas:
the targedng of ribcsomal RNA. and a homogeneous, highly
sensitive detection system called the Hybridizadon Prowcrion
Assay (HPA). Targeting of tRNA results in a much more
sensitive assay because fRNA is present in bacweria) cells in
many thousands of copiet. Sensidvity is further increased by
the HPA detection synem which utilizes 3 highly sensitive
chemilyminescent signal.  Simplicity is achicved becxuse the

assay is run in soludon phase (n a single tast ube. No solid -

substrate or wash seps are required.

Despite e high sensitivity of Gen-Probe's direet sssay
systzms, many fypes of infectious organicms exist in w0 fow
numbers in clinical samples to be detected by this or any other
direet DNA probe system. Detection of tmall aumbers of
microorganisms requires the use of nucleie acid amplification
to increase the amount of aucieic acid present in the sample
Before detection can ks place. Unfortunataly, the first
amplification syswems 1 be developed wers 100 compiex and
time consuming to be used routinely in clinical laborateries
and have been largsly resticted o resenych labarasories. To
overcome these problems, Gen-Probe has developed a nucleic
acid amplification method called Transcription-Mediated
Amplification (TMA). TMA bas besn coupled with rRNA
targots and HPA in 3 single, integrated system which {s
performad in a single test ibe. The TMA sysiem is simple and
fapid enough 1 be used in the clinical laboraory and sensitive
enough 10 deseet s linle a3 one copy of DNA or RNA in a

/

The TMA assay sysiem is very similsr in methodology
existing Gen-Frobe atssys, and much of the same equipmen is
uilized. TMA is an isothermal process and can be performed

in 8 heat block or water bath. No expensive thermocycler is
required  The kinetics of TMA are very mpid and dillions of
RNA amplicons are produced from a single arget molecyle in
lesz than one hour. TMA can be used with any type of nucleic
acid urget including tRNA. mRNA or DNA.

The TMA system is composed of tvee steps: Sample
preparation. amplification. and detection:

SAMPLE PREPARATION

Disrupdoa of the micToorganism is necessary 10 release
the warget nucleic acid into the assay mixmre. Depending on
the micvoorganism (o be identified. this is performed either by
chemical or eazymatic methods. or mechanical means such as
sonicstion. The released aucleic acid iz subilized. and the
abes are heszed bricfly at 95°C o denange the target nucleic
acid and o inactivate infectious agents. The lysate now
mﬂumﬂmnmnamfumm
replicsdon. .

AMPLIFICATION

TMA uses two primers aod lwo eazymes: RNA
polymerzse and reverse transcriptase. One of the primers
conuins & promorer saquence for RNA polymerase. In the first
step of amplification, the promoter-primer hybridizes to the
trget tRNA at a defined site (Figure 1). Reverse manscripase
creates 8 DNA copy of the target tRNA by extension fom the
3' end of the promotes-primer. The RNA in the resulting
RNA:DNA duplex is degraded by the RNAss H activities of
the reverse onscriptane. A socond primer then binds o e
DNA copy. A new suaad of DNA is synthesized from te end
of the primer by reverse transcripase creating a double-
saanded DNA molecule. RNA polymerase recognizes the
promoter sequencs in the DNA templete and initiates
mmmaumumnmmm
re-enters the TMA process and serves as a templais for 8 sew
round of replication leading o 1 exponential expansion of the
RNA amplicon. Since each of the DNA templacs can maks
100-1000 copies of RNA amplicon, this expasmion can result
in the producton of 10 billion amplicons in ley than one hour.
The entirc procexs is swocatalytic wnd is perfermed  a siagle
temperaure mmmmmhmauppm
due 10 the labile nature of the RNA amplicon in the lab
efvironment as well as the use of containmets proceduses built

into the assxy procedure.
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FIGURE 1. Transcription-Medisted Amplificasion Cycle (TMA):

Step 1:
Step 2:
Suwp 3:
Siep 4
Step 3¢
Swp &
Siep 7
Swp &
Swp %
Sup 102
Swep LI:
Sup 12!

Provacar-primer biads 10 (RNA wrget

Raverss Trascripuase (RT) creates DNA copy of rRNA urget.
RNA:DNA dugiez.

RNAse H accivicies of RT degradas the rRNA.

Primer 2 biads o the DNA and RT creases 2 oew DNA copy.
Docbis-stranded DNA templiuis with a promoter sequence. :
RNA polymerase (RNA Pol) initiates cnascription of RNA from DNA emplase.
100- 1000 copias of RNA amplicon are produced,

Priroer 2 binds to exch RNA umplicoa and RT creases a DNA copy.
RNA:DNA duplex.

RNAsz H activities of RT degrades the rRNA.

Provaose.-primaer binds 10 the newly synthesized DNA. RT crestes a double-sranded
DNA and the sutocatalytic cyels repeats resuliiag in a billions(old amplificason.
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FIGURE 2 Deestion of amplicon with DNA probes and the Hybridizalioa Prowction Assay (HPA) technique. (A) Acridinium
ester (AE)-labelsd DNA prodes are added and allowed 1o hybeidize 10 specific target sequences within e amplicon produced in
the TMA resction. (B) Separatioa of hybridized from unhybridized probes is done by the addition of selection reagent which
hydrolyzes the AE on the unhybridized grobes. No light is emitad in the luminomerzr from the ynhybridized probes. (C) The
AE an (he hybridizad probes is protecizd within the double helix and is not hydrolyzed by the selection reagent. Light is enyted

and detected by ihe luminomeer.

DETECTION

Dezection of amplicon produced by the TMA reaction is
pafotmadbymemm’AMWdemMm
in the other Gen-Probe assays over the last S years. The
mnwuuu&m«mmm-w
DNA probes which specifically bind to the target amplicon
(Figure 2). A chemical process is used 1o diginguish berween
hybridized and unhybridized prode instead of cumberiome
physical separaion methods. The final sep of the ussay is ©
pmumhainalunwmwnmwhﬂyinm
wmmmmn:uu-ummamu
chemiluminescent signal. This is a homogenous sssay formas
which requires a0 wash steps that could poweatially spresd
contamination Uwoughout che laboratery.” It is panicularly
suinburummMu-mwuﬁdmysﬁmnoﬂmw
absolute specificity and convenience. ’

ADVANTAGES

The Gen-Probe Amplified assays provide several distinct
technological and clinical benefits compared to waditional
probe assays aad ouer amplification methods. The most
*  Improved reliability by wrgeting abundant ribosomal

RNA. Since rRNA is presant in thousands of copies per
cell, the likelihood of initiating amplification is greater
than whea single copy DNA rargets are used. This
sdvantage is very imporauut when orgahisms are present
in low numbers, which is when target amplification
methoxds are most useful.

* Single temperatute exponential amplification. The
procedure is simple (o pecform. does not require cosuly
thermocycier equipment. and provides rapid amplificition
of wrget saquencs present in the sample. .

¢  Primary RNA amplicon. The RNA produet of the amplift- -
cxtion system is mere labile outside the feaction aibe than
DNA product made by cther amglification sysiems. The
rizk of Isboratory contaminagon and false positive results
is thus substantially redyced.

o Single tube solution format with no wash steps. Resgents
are caly added to the amplification wbe and never
removed of transfexved. This again minimizes the chance
of cross-contamination and false positive results, The
sigle tube, no-wash format also allows for the
development of relatively simple insuumentation o
sutomate the amplification and detection sieps.. Gen-
Probe is currently developing automated syseems for use
with the endre product line.

¢ Simplicity. With (ew reagent additions. and HPA
detection. the format is user-friendly and familiar to
labocatories already using the Gen-Probe DNA probe
axys.

The firs: application of the Gen-Probe TMA sysiem is e
Amplified Mycobacierium Tuberculaais Direct Test (MTD)
for the detection of Mycodacterium (uberculosis in clinical

This assay is routinely used in hundreds of libona-
wories worldwide and provides sccursic same day tent resulss.
Ocher amplified assays in development are direct a3says for
Chiamydia mackomariz, HIV. chronic myelogenous leukemia
(CML). and Mycobacterium avium complex.
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If you would like more information about Geg-Probe's
TMA System please call or write to:

Gen-Probe Incorporated
9880 Campus Point Drive
San Diego, CA 92121

ATTN: Technical Service
1-800-523-5001

(? GEN-PROBE

CHANGING THE Way MEDICINE
1S PRACTICED WiTH DNA
pross TECHNOLOGY
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